An enzyme similar to that described by Smith and Wilcox (15) for Haemophilus influenzae which attacks foreign deoxyribonucleic acid (DNA) but not its own has been isolated and purified from H. parainfluenzae. The enzyme degrades foreign DNA to limited sizes and can destroy the transforming activity of H. influenzae and Bacillus subtilis DNA. The enzyme can also destroy the biological activity of H. influenzae phage and prophage DNA. On the other hand, the H. influenzae endodeoxyribonuclease can destroy the transforming activity of H. parainfluenzae DNA but not its own DNA. It also attacks B. subtilis DNA and its transforming activity.
The discovery of a restriction enzyme by Meselson and Yuan (11) and the recent discovery by Smith and Wilcox (15) of an endodeoxyribonuclease in Haemophilus influenzae are of great potential importance for further elucidating the structure and biological properties of deoxyribonucleic acid (DNA). It has been known for some time that competent cells of H. influenzae were very selective in their incorporation of foreign DNA species. The remarkable property of the Smith and Wilcox enzyme (endo-R) is that it will produce diplotonic breaks in foreign DNA species but will not attack DNA from H. influenzae. In an eloquent series of experiments, Kelly and Smith (7) sequenced the site of action of the enzyme. In view of the restriction imposed by competent cells on foreign DNA, and the presence in H. influenzae of a system of restriction and modification of phage S2, we have attempted a study of the effect of endo-R on the biological properties of homologous and heterologous DNA species. In addition, we have isolated and purified an enzyme from H. parainfluenzae which has properties very similar to those of the H. influenzae enzyme. It is very active on foreign DNA species but does not attack its own DNA.
MATERIALS AND METHODS

Bacterial strains used. H. influenzae strain Rd
and its streptomycin-resistant mutant (Strr 2000) were originally obtained from Alexander and Leidy (1) . H. parainfluenzae "colony 14" was obtained from Grace Leidy. Its high-level streptomycin-resistant mutant was isolated from colony 14 by Nickel and Goodgal (12) . Bacillus subtilis strain 168 wild-type recipient used in transformation was obtained from J. Marmur (2) . Unless otherwise indicated, the standard assay contained 0.2 ml of competent cells (2 x 108 cells/ml of final concentration), 0.1 ml of the DNA to be assayed, and 2.7 ml of BHI broth. After 30 min of incubation at 34 C, 1 Mg of pancreatic deoxyribonuclease per ml was added. After an additional 5 min of incubation, the mixture was appropriately diluted and plated for transforming activity and bacteriophage production. The plates to be used for assaying transformations to antibiotic resistance were overlaid with antibiotics after 2 hr of incubation at 37 C. The concentration of antibiotic in the overlay was designed to yield a final concentration of 200 Ag of streptomycin per ml and 15 Ag of erythromycin per ml. The preparation of H. parainfluenzae competent cells and transformation procedures used for H. parainfluenzae were those described by Nickel and Goodgal (12) . For the transformation of B. subtilis, the preparation of competent cells and the transformation assay were essentially those employed by Young and Spizizen (16) .
Enzyme assay. To test the effect of endo-R on the biological activity of DNA, the DNA was diluted to a specific concentration in tris(hydroxymethyl)-aminomethane (Tris)-Mg-mercaptoethanol buffer (6.6 mM each of Tris buffer, pH 7.4, MgCl2, and mercaptoethanol). To 0.5 ml of this material was added 5 Mliters of purified enzyme, and the mixture was incubated at 30 C. Samples were removed after various times of incubation and examined for transforming or transfecting activity. Depending upon the concentration of DNA employed, 0.1 ml of undiluted or diluted samples was added to 2.7 ml of cold BHI broth. After the last sample was taken, usually at 60 min, competent cells were added to the broth and transformation or transfection assay performed. Controls in these experiments consisted of DNA which was carried through the same regime without the addition of the enzyme.
Viscometric assay. The change in viscosity of DNA produced by endo-R was measured by following the drop in the specific viscosity of the DNA as a function of time (15) . In general, 2.5 ml of DNA at a concentration of 50 yg/ml in Tris-Mg-mercaptoethanol buffer was placed in the viscosimeter and examined for viscosity at 30 C. After equilibration (three consistent readings within 0.1 sec), enzyme was added and the viscosity change was determined as a function of time.
RESULTS
The specificity of endo-R enzymes for different substrate DNA species. We have confirmed the results of Smith and Wilcox (15) on the effect of H. influenzae endo-R on H. influenzae DNA; namely, that the endonuclease present in H. influenzae which attacks foreign DNA species has no effect on the viscosity of H. influenzae DNA. Figure 1 shows the effect of H. influenzae endo-R on the specific viscosity of H. parainfluenzae, B. subtilis, and calf thymus DNA species and the inability of the enzyme to reduce the viscosity of H. influenzae DNA. The digestion of the foreign DNA species appears to Biological activity of DNA species treated with H parainfluenzae endo-R. The effect of H. parainfluenzae endo-R on the biological activity of DNA is shown in Table 2 and clearly demonstrates the differential sensitivity of foreign DNA to the enzyme. The H. parainfluenzae strr marker was, within experimental error, completely resistent to the action of H. parainfluenzae endo-R. Using the same assay procedure, the H. parainfluenzae str marker was completely inactivated by H. influenzae endo-R. The inverse was true for the H. influenzae strr marker. It was completely inactivated by the H. parainfluenzae enzyme, whereas it was not at all sensitive to its homologous enzyme. It was observed that the H. parainfluenzae endo-R had some effect on the Fig. 1 the extent of the reaction is limited for a specific DNA. The data in Fig. 2 show that the inactivation of transforming activity for the strr marker was not limited but proceeded with first-order or pseudo first-order kinetics. No residual strr activity remained after extended degradation, which suggested that the DNA had been broken down to pieces which were no longer capable of transforming the strr marker. showed that the major part of the DNA was broken down to pieces approximately 8 x 105 to 10 x 105 daltons and little or no small molecules remained on the top of the gradient. It must be noted that these measurements were made with DNA concentrations of 25 or 50
DISCUSSION
,gg/ml. At these concentrations of DNA, both H. influenzae and H. parainfluenzae endo-R destroy S2 phage DNA-transfecting activity.
In some endo-R preparations, exonuclease activity was detected (6) . It is still not clear that the inactivation of phage DNA transfecting activity was due to H. influenzae endo-R.
